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a b s t r a c t
Grasslands in Japan are decreasing in area and becoming increasingly fragmented. To
understand how this will affect grassland organisms, it is important to predict species
distributions on a landscape scale. Large-scale models are well suited to identifying
potential habitats on a regional scale, but the applicability of such models across different
landscapes is not clear. In previous studies of the harvest mouse (Micromys minutus), local-
scale species distribution models (SDMs) have been devised for some areas; however, no
studies have compared the applicability of such models between different landscapes.
Here, we construct an extensive SDM fitted to two districts of western Japan as well as
local models for each district. We also verified the accuracy of these extensive models and
the transferability to local models. Extensive models using different landscapes for harvest
mice yielded acceptable predictions. Rice paddies and forest areas within a 500m radius
and perennial grassland habitats were favored as the predictors of mouse presence in the
extensive model. Additionally, it became clear that local models had no transferability to
other ranges. In the district with significant amounts of grassland (e.g., rural area), mice
preferred larger patches sizes and perennial plant types; however, in the districtwith fewer
grasslands (e.g., urban area), mice initially preferred a larger amount of grassland within
a 500-m radius, regardless of patch size. Thus, habitat selection by harvest mice differed
between rural and urban areas. These results demonstrate that not only patch quality but
also the landscape around the habitat patch are important for habitat selection by the
harvest mouse, especially in urban areas with limited grasslands
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction
The harvest mouse Micromys minutus (Pallas, 1771) is a grassland species found in Europe, Russia, China, Korea, and
Japan (Aplin et al., 2008). It is included on some local red lists in Japan and is a Biodiversity Action Plan species in England
(The Biodiversity Reporting Information Group, 2007). Harvest mice favor tall grassland habitats such as riverbeds, marshes,
pasture, and abandoned farmland (Harris, 1979; Hata, 2011), which provides the grass they need for nest construction. In
Japan, forests are the most common natural biotope owing to the warm and humid climate, while large-scale grasslands
are scarce and flood plains have been converted to rice fields or urban space. The total grassland area of Japan is 387,000
ha, comprising only about 1% of the country’s total land area (Ministry of Agriculture, Forestry and Fisheries of Japan, 2005).
Moreover, most of these grasslands are semi-natural surrounding farmland which are decreasing as a result of changes in
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agricultural practices, land regeneration, and farmland consolidation. This is considered the main factor endangering the
harvest mouse in Japan.
The home range of a harvest mouse is reported to be around 400 m2 (Trout, 1978). At the landscape scale, a population
therefore includes the home ranges of multiple individuals. Although it is unclear what conditions favor the establishment
of a stable population, it is known that harvest mouse distribution is affected by the landscape within a 500 m radius
(Sawabe and Natuhara, 2015). This means that the fragmented and dispersed nature of grasslands in Japan places a crucial
limitation on harvest mouse persistence, and it is therefore important to evaluate habitat suitability in isolated grassland
areas. Previous studies have also demonstrated the influence of surrounding environment, such as rice paddy fields, crop
fields, or forest, on the distribution of harvest mice (Hata and Natuhara, 2006; Kuroda and Katsuno, 2006; Sawabe and
Natuhara, 2015).
The species distributionmodel (SDM) is a numerical tool that combines observations of species occurrence or abundance
with environmental estimates (Elith and Leathwick, 2009). As Ueno and Kurihara (2015) have pointed out, predictions of
suitable habitats on a large scale are important for biological conservation, in addition to knowledge of spatial applicability
and differences in the distribution characteristics of each species by district. Additionally, transferability to other ranges is
an important feature of SDMs (Randin et al., 2006). An SDM commonly assumes that the species is at equilibrium in the
occupied area and that sufficient sampling has been carried out along environmental gradients (Elith and Leathwick, 2009).
Thus, there is a possibility that a restricted model cannot be accurately applied to other areas with different environments.
Species distribution models are traditionally evaluated within one district; therefore, their transferability has rarely been
assessed (Randin et al., 2006). Our previous study examined harvest mouse distribution patterns using an SDM based on the
presence/absence data in Osaka, Japan (Sawabe and Natuhara, 2015); however, its transferability has not been examined
elsewhere. Moreover there are no common models that have fitted two districts for the harvest mouse.
To address this gap in our understanding of the distribution of the threatened harvest mouse in Japan, we develop an
extensive model based on field data that can be confidently applied across a larger geographical scale and range of habitats,
and also develop local models for each of the two districts sampled. Furthermore, we verify the accuracy of the extensive
model, as well as the transferability of the local models. In addition, we discuss the differences in distribution characteristics
by district.
2. Methods
2.1. Study area and field survey
The studywas carried out in two districts, Shiga andOsaka, that have similar terrain but differ in their landscape structure
and extent of urbanization. In the Shiga district, the study area (5 km× 38 km) was located in a rural area in the southeast
of the Shiga Prefecture (Fig. 1). The northwestern part of study area comprised lake shore and plains, while the southeastern
part was hilly and contained farmland, urban area, and forest. In the Osaka district the study area (3 km × 13 km) was in
the southwestern part of Osaka Prefecture and included a city of one million people (Fig. 1). The study area also contained
coastline along Osaka Bay and plains in the northwest, and hills in the southeast.
At the Shiga site, harvest mice nests were observed at 104 study sites from September to November in 2014. Every study
site consisted of a grassland patch containing nesting plants. We unified the area of grasslands more than 200 m2 in both
districts. At each study site, a 30min searchwas carried out by two people (as described previously in Sawabe and Natuhara,
2015) and the number of nests and dominant plants were recorded. For the Osaka site, we used available presence/absence
data collected at 47 study sites between July and August, 2006 (Sawabe and Natuhara, 2015).
2.2. Landscape and habitat elements
We used six explanatory variables to predict the presence/absence of harvest mice (Table 1). We analyzed landscape
composition within a buffer zone using a 1/25,000 vegetation map (Ministry of the Environment, Biodiversity Center of
Japan, 2008) and aerial photographs (Shiga Prefecture Shooting and Geographical Survey Institute) using ArcGIS (ArcGIS
version 10.0, ESRI, Redlands, CA, USA). We quantified the landscape surrounding the study sites in terms of the proportions
of total area within 500 m of the center of the study site with a given type of land cover. This 500 m radius has previously
been estimated to capture variation biologically relevant to habit use in harvest mice (Sawabe and Natuhara, 2015). The
analyzed landscapes (land cover type) were rice paddy, crop field, forest, and grassland. In addition, we used the patch
size and dominant plant type of each study site as predictors. Dominant plants were categorized into three types: nesting
plants (perennial grasses), nesting plants (annual grasses) and non-nesting plants (Kuroe et al., 2007; Sawabe et al., 2005).
Subsequently, 70 grasslands from Shiga and 18 grasslands from Osaka were categorized as perennial nesting plants, 12
grasslands from Shiga and 9 grasslands from Osaka were categorized as annual nesting plants, and 22 grasslands from Shiga
and 20 grasslands from Osaka were classified as non-nesting plants.
In addition, for comparing the extensive model and the local models, using a χ-square test of land covers of the total
area within all buffers in the two districts, we confirmed that the landscape compositions differ between two the districts.
Land covers were categorized into rice paddy, crop field, forest, grassland, and ‘‘other’’. ‘‘Other’’ contained urban areas, open
water, and developed land.
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Fig. 1. Study areas. The top left map shows the location of the study in Japan. In the magnified areas, a rectangle outlines the study area in each district.
Both districts are shown on the same scale.
Table 1
Variables used to predict the presence/absence of harvest mice in the species distribution model.
Explanatory variables Note
Grassland Total area proportion of land cover within 500 m radius of center of study site.
Rice paddy
Crop field
Forest
Patch size (m2) Patch size of study site
Dominant plants 3 types: nesting plants (perennial grasses), nesting plants (annual grasses) and non-nesting plants
2.3. Species distribution model
Three distribution models of the harvest mouse were devised: two location-specific models (local models: Shiga model
and Osaka model) and an extensive model that covered the entirety of the two districts. All models were built using
generalized linear modeling (GLM), which is efficient for modeling species distributions using presence/absence data as
the response variable (Guisan and Zimmermann, 2000; Semenov et al., 2013). We examined the transferability between
local models by projecting eachmodel in the other area (Randin et al., 2006). The extensivemodel was built using half of the
combined data of two districts (data set A), whereas the other half of the combined data (data set B) was used for verification
of accuracy.
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Fig. 2. The contribution of different landscape categories to land cover in the Shiga and Osaka study areas.
Table 2
Presence of harvest mouse nests at each study site in
both study locations.
Nest Shiga Osaka Extensive
model dataset
A
Present 68 14 41
1 nest 19
2 or more nests 49
Absent 36 33 35
Totals 104 47 76
In addition, the extensive model was also built using generalized linear mixed modeling (GLMM), with district as a
random effect, and allowed us to compare the possibilities of occurrence of harvestmice in Shiga and Osaka. Model selection
used Akaike’s Information Criterion (AIC), testing all combinations of explanatory variables and retainingmodels whose AIC
differed from the minimum AIC by 2.0 or less (equivalent fit) (Burnham and Anderson, 2002). Correlations between the
explanatory variables were low, allowing all variables to be robustly used simultaneously in a model. All analyses were
performed using R 2.15.2 (R Development Core Team, 2012) with the MuMIn (multi-model inference) package (R package
2013 Kamil Bartoń) for Windows.
We evaluated the accuracy of all models using the area under the ROC curve (AUC), which is a commonly used index
of binary model performance (Manel et al., 2001; Fluss et al., 2005). The ROC curve is a plot of the sensitivity versus (1—
specificity), over all possible threshold values of the marker (Fluss et al., 2005). Furthermore, the AUC increased sensitivity
in analysis of variance (ANOVA) tests (Bradley, 1997). The predictive accuracy of the model is considered acceptable when
AUC > 0.7 (Hodd et al., 2014). The AUC was calculated for each combination of models and data set using SPSS (SPSS
Statistics version 22, IBM, Armonk, NY, USA).
3. Results
3.1. Differences in landscape composition
First, we confirmed the differences in land cover as landscape compositions between the two districts using a χ-square
test. Land cover differed significantly between Shiga and Osaka (χ-square test, p < 0.001). Grassland covered 9.1% of the
Shiga location and 4.7% of the Osaka location (Fig. 2). In Osaka, land cover was predominantly ‘‘other’’ (68.6%; Fig. 2), with
only 10.7% forest and 11.6% rice paddy. In contrast, land cover in Shiga was 26.6% forest, 31.3% rice paddy, and 31.5% ‘‘other’’.
‘‘Other’’ includes urban areas, open water, and developed land.
3.2. Presence/absence of mice
Nests were found at 68 of 104 study sites in Shiga and at only 14 of 47 in Osaka (Sawabe and Natuhara, 2015) (Table 2).
In Shiga, nests were found in 51 of the 70 perennial grasslands, whereas in annual grasslands, it was more common not to
find nests in both districts.
3.3. Species distribution model
According to the extensivemodel, the AIC of the best-fit GLMwas smaller (89.3) and had a1AIC of−2.0 compared to that
of the GLMM, confirming that there was no difference in the probability of mouse presence between the districts. Therefore,
we used GLM for species distribution models.
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Table 3
Coefficients of the explanatory variables in and AIC of the best fit and equivalent fit species distribution models. Null models had the following AIC values:
extensive model, 106.9; Shiga model, 136.2; Osaka model, 59.3.
(Constant
term)
Grassland Rice
paddy
Crop
field
Forest Patch size Perennial
grasses
Annual
grasses
df AIC 1AIC
Extensive model 1 −2.369 0.036 0.038 1.259 −0.389 5 89.3 0
2 −2.678 0.039 0.040 1.66E−04 1.284 −0.630 6 90.2 0.87
3 −2.298 −0.016a 0.037 0.039 1.279 −0.406 6 91.3 1.93
Shiga model 1 −2.303 0.029 0.026 8.38E−04 1.056 −0.959 6 127.1 0
2 −1.997 0.023 −0.066 0.021 9.15E−04 1.214 −0.844 7 127.2 0.10
3 −0.886 −0.086 0.012 8.64E−04 1.127 −0.510 6 127.8 0.73
4 −0.536 −0.098 8.72E−04 1.151 −0.610 5 128.2 1.14
5 −2.456 0.020 0.028 0.025 8.36E−04 1.067 −0.928 7 128.9 1.84
6 −2.174 0.023 0.022 −0.066 0.020 9.17E−04 1.230 −0.810 8 129 1.90
Osaka model 1 −6.276 0.585 0.086 3 38.6 0
2 −6.050 0.667 0.085 −0.139a 4 39.2 0.64
3 −6.155 0.586 0.087 −1.20E−04a 4 40.6 1.96
4 −6.254 0.569 0.088 0.003 4 40.6 2.00
1AIC Difference between the minimum AIC.
a It showed inconsistent results with respect to positive and negative values, as compared to those of other extensive models.
Table 4
Accuracy of all species distribution models as measured by
AUC. Extensive model 3 and Osaka models 2 and 3 are
omitted as the coefficients of the variables they includedwere
inconsistent.
Extensive
model data
set B
Shiga
data set
Osaka
data set
Extensive
model
1 .735a .700a .820a
2 .745a .725a .807a
Shiga
model
1 .725a .746a .740a
2 .742a .750a .719a
3 .695 .723a .623
4 .681 .704a .580
5 .737a .744a .753a
6 .757a .747a .723a
Osaka
model
1 .769 .576 .896a
4 .766a .576 .900a
a AUC (the area under the ROC curve) > 0.7.
Models of an equivalent fit to the best-fit model are shown in Table 3. In the bestfit extensive model, the rice paddy
area (0.036), the forested area (0.038), and the dominant plant types (perennial grasses, 1.259; annual grasses, −0.389)
were selected. Only annual grasslands negatively influenced harvest mouse presence. All retained extensive models also
contained rice paddy area, forested area, and the dominant plant type. The next-best fit extensive model also contained
patch size (1.66 E−4), although this association was not strong. The effect of grasslands in extensive model 3 showed
inconsistent results with respect to positive and negative values, as compared to those of other extensive models (# mark in
Table 3).
In Shiga, the bestfit model contained rice paddy area (0.029), forested area (0.026), patch size (effect size as log odds
of nest presence 8.38 E−4), and the dominant plant types (perennial grasses, 1.056; annual grasses,−0.959), while all the
retained models contained patch size and the dominant plant type. The next-best fit Shiga models contained crop field as
a negative impact and grassland as a positive impact on mouse presence. In Osaka, the bestfit model contained grassland
(0.585) and rice paddy area (0.086) terms, which were also present in all the retained Osaka models. However, in the Osaka
models, the effect of patch size and crop field area were inconsistent (# marks in Table 3). Only Osaka model 4 contained
forested area as a positive impact (0.003). In both districts, the best fit models contained rice paddy areas.
AUCs that indicate the accuracy of models, except inconsistent models, are shown in Table 4. The extensive models were
fitted in data set B, the Shiga data set, and the Osaka data set. The AUCs of the extensive models fitted in data set B were
larger than the 0.7 threshold (extensive model 1 = 0.735 and extensive model 2 = 0.745). The AUCs of the extensive
models fitted in the Shiga and Osaka data sets were also larger than the 0.7 threshold.
The Shiga models were fitted in the Osaka data set, and vice-versa, for transferability of the local models. The AUCs of
Shigamodels 1, 2, 5 and 6 fitted in the Osaka data set were larger than the 0.7 threshold; however, those of the Shigamodels
3 and 4 were smaller than the 0.7 threshold. These models did not contain paddy area. Similarly, the AUCs of the Osaka
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models fitted in the Shiga data set were smaller than the 0.7 threshold. Such asymmetry in transferability between the two
districtsmight be attributable to the peculiarities of these districts (Randin et al., 2006). Therefore, althoughwe demonstrate
that the extensive models are valid, the transferability of the local models is low.
4. Discussion
In the present study, extensive models of the distribution of harvest mice gave acceptable predictions in two districts
with different landscapes. Shiga (rural) and Osaka (urban). These extensive models are useful to predict harvest mouse
distribution simultaneously within each district. All the extensive models tested gave acceptable prediction accuracy.
All extensivemodels contained rice paddy area, forest area, and dominant plant types, andwere thus themost important
predictors of harvest mouse presence. Notably, rice paddy area was included in all best-fit models, supporting the view that
rice paddy habitat is an important landscape for harvest mice. Harvest mice can also use rice leaves for nesting (Hata and
Natuhara, 2006). Moreover, Kuroe et al. (2011) clarified that rice paddies have low resistance of dispersion for harvest mice;
thus, it has been suggested that they use rice plantations as a dispersal corridor. Next, forest area and dominant plant types
showed positive impacts. Forest or forest edge also showed a marked positive effect, as was previously observed by Kuroda
and Katsuno (2006) and Hata and Natuhara (2006). Additionally, harvest mice have been captured in the forest (Shiraishi,
1969). While harvest mice seldom use trees for nesting in Japan, grasslands often exist at the forest edge, making forests an
important feature of the buffer zone around harvestmouse territories. Perennial grasslands showed a strong positive impact,
whereas annual grasslands showed a negative impact. Annual grasses wither in autumn, which is the breeding season, and
thus, nest material might be insufficient for breeding in dominant annual grassland areas.
Moreover, the vegetative cover of perennial grasslands is maintained even in winter, whereas the vegetative cover provided
by annual grasses disappears in winter. Harvest mice make wintering nests near the ground from dried grasses (Ishiwaka
et al., 2010), and thus require vegetative cover in winter as well, making grasslands dominated by annual grasses unsuitable
habitat for harvest mice. In addition, annual grasslands tend to be established under the management of frequent mowing;
therefore, it is possible that the degree of disturbance would also have a negative impact. However, annual grasslands do
have some value as harvest mice also use annual grasses for nesting in the spring and early summer seasons (Sawabe et al.,
2005), and eat the seeds of annual grasses. Thus, in conclusion, grasslands harboring a mix of perennial and annual grasses
are required to balance the increasing nesting period and securing food resources.
The extensivemodels yielded acceptable predictions, although the transferability of the local models was low. This could
have possibly been because some variables were included only in either of the localmodels. For example, crop fieldwas only
a negative impact in Shiga models. Crop fields had a negative impact on harvest mouse presence, as was also observed by
Hata and Natuhara (2006). Plastic greenhouse culture accounts for one-third of crop production in the southeast of Shiga
(Shiga Prefecture 2014), which renders it a factor with a negative impact. Most notably, patch size and grassland area were
favored differently between Shiga and Osaka (Table 3). Grassland area was selected in all Osaka models and a portion of the
Shigamodels. Patch size were selected in all Shigamodels but not in Osaka. From these local models, the presence of mice in
Osaka was found to dependmore heavily on the amount of grassland surrounding the mouse habitat, whereas the presence
ofmice in Shigawas found to depend on large patch size. The low AUC of Osakamodelsmight be attributable to peculiarities
of Osaka in the transferability of local models, as noted by Randin et al. (2006). These two variables were related to the area
of grassland. The percentage of total grassland area in the 500mbuffer zonewas lower in Osaka than in Shiga (4.7% and 9.1%,
respectively) (Fig. 2). In other words, in a district with high amounts of grasslands, such as Shiga, mice preferred larger patch
size, whereas in a district with less grassland, such as Osaka, mice initially preferred a large amount of grassland within a
500-m radius regardless of patch size. Turner (1989) pointed out that it is necessary to quantitatively predict the dynamic
distribution of a species based on the spatial arrangement of habitat patches and the landscape structure of the surrounding
habitat. Habitat selection by harvest mice might be the result of differences in the landscape structure of grasslands, such
as the amount of grassland surrounding the habitat or the size of habitat patches.
Another key difference between Osaka and Shiga is the urbanization rate. In the district with less grasslands, as is
observed in urbanized areas, grassland patches tend to be small and isolated. As mice are small, terrestrial mammals, they
require habitat corridors to act as dispersal pathways. If organisms disperse along dispersal corridors, then the spatial
relationships between habitat patches become important (Fahrig and Merriam, 1985). Thus, mice might select larger
amounts of grassland to ensure an adequate dispersion area. Moreover, it might be important for isolated grassland areas to
be connected. Accordingly, it has been shown that patch connectivity is an important determinant of local population size in
harvestmice (Kuroe et al., 2011). However, in previous studies of harvestmice, themethods for quantitatively evaluating the
connectivity of grasslands for harvest mice were not clear because barriers to migration of the harvest mice are not entirely
clear. The ‘‘Circuitscapemodel’’, which uses circuit theory tomodel connectivity, is a way to show habitat connectivitywhen
there is a given ‘‘resistance’’ of a landscape to the movement of organisms within the system, similar to an electrical circuit
(McRae and Shah, 2009; Pelletier et al., 2014). However no adequate quantitative data have been published to demonstrate
the movements reported for harvest mice (Trout, 1978). Additionally, the information necessary for creating a resistance
map for the harvest mouse was insufficient, with the exception of Kuroe et al. (2011). Therefore, connectivity was not used
for modeling in the present study. Our future studies will clarify habitat connectivity via the resistance of the landscape to
the movement of harvest mice. It has also been shown byMiyoshi and Natuhara (2003) that small salamanders that require
stagnantwater use unsuitable habitats in the urban district of Osaka. This is potential evidence that suitable habitats inOsaka
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are already insufficient for local animal populations. Harvest mice have similar dispersal abilities to those of salamanders,
and thus, there is a similar risk that harvest mice could be forced to adapt to unsuitable habitats when adequate habitat is
absent in the future.
5. Conclusions
In the present study, we described a generally applicable extensive model that can predict a wide range of habitats for
harvestmice and provide an idea of spatial applicability. In our study, it became clear that localmodels had no transferability
to other ranges. In conclusion, we recommend the use of extensive models for a wide range of forecasts. Albeit, local models
are useful for local conservation policy because habitat selection appears to vary depending on the amount of grassland.
Our results show that not only patch quality, such as patch size or dominant plant type, but also the landscapes surrounding
the habitat patch are important determinants of harvest mouse distribution, especially in the more urban districts with less
grassland. It also became clear that landscapeswith suitable habitats for harvestmice in a broader range include rice paddies
and forested areas with perennial grasslands. Rice paddy habitats may be threatened by recent increases in the deregulation
of the conversion of agricultural land in favor of the development of solar panel sites. Farmland management must also
consider the conservation of harvest mice on both patch and landscape scales. There is also an urgent need for studies on
the switch point of habitat selection between districts and methods for the quantitative evaluation of the connectivity of
grasslands for the endangered harvest mouse.
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